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Abstract 
Information systems urbanization is among the most well-known approaches defined in the recent years to build agile 
information systems. This approach links enterprise architecture and information systems governance. It is based on the 
“Information City” framework and two architecture principles: strong consistency and loose coupling. Nevertheless, the 
implementation of the loose coupling principle in urbanized information systems still faces numerous difficulties related notably 
to services exchanges governance. In this paper, we propose a framework – called the four spaces model – for the governance of 
services in the case of application of the SOA architecture style to urbanized information systems. In particular, we focus on the 
operational aspects of services exchanges governance either within the same information system or between different information 
systems. This framework has many important contributions. First, it standardizes the exchanges between the organizational actors 
involved in the services governance process. Second, it facilitates services exchanges traceability. Third, it promotes loose 
coupling both within the same information system and between different information systems. 
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1. Introduction 
Information systems play a critical role in modern organizations by conditioning their survival and supporting their 
development within a turbulent and continuously changing economic, technological, and social external 
environment1,2,3,4,5. Indeed, information systems support each organizational process and open the way to new 
strategies and competitive advantages. In other words, information systems are an important vehicle for modern 
organizations to utilize in carrying out their missions and deliver goods and services related to their goals. However, 
despite high investments related to computerization, information systems are far from reaching their objectives by 
efficiently supporting and streamlining organizational processes in order to improve organizational performance, 
and business efficiency and effectiveness. In this context, some authors have pointed out the existence of a 
productivity paradox6,7,8,9. This paradox stems from the odd observation made in business processes analysis that 
despite the heavy investments made in information technology (IT), white collars productivity may go down. Other 
authors have proposed to study the impact of IT on organizations performance through the analysis of the 
strategy/IT alignment10,11. In particular, the alignment of information systems on business strategies is an important 
topic far from exhausted since information systems role within modern organizations is no longer limited to 
streamline workflow and routine processes. Strategic alignment permits taking into account that the business 
environment changes faster than the organizations conventional planning cycles and underlines that information 
systems help organizations perform the detection and response to these changes13. Strategic alignment of 
information systems is based on two necessary conditions: integration of the organization’s strategy characteristics 
by the organizational information system as a whole, and taking into account the information system’s opportunities 
and constraints in organization’s strategy. Nevertheless, to be aligned on organizations strategies, information 
systems have to be agile12,13,15,16,17,28. Hobbs and Scheepers14 define agility as the capability to quickly sense and 
respond to environmental perturbations. It is the ability of the business processes of organizations to do with speed, 
precision and lower operating costs in the opportunities for innovation and competitive action15,16. According to 
Sambamurthy15 and his co-authors, agility relies on IT as a viewer platform to create strategic value for 
organizations. As highlighted by many authors, organizational agility and information systems agility are 
interdependent14,18,27. It follows that agile organizations are those which have the operating capacity to early explore 
opportunities and adapt their information systems target processes to mitigate risks, reduce costs, and improve the 
quality of services rendered. Thus, business agility depends on the quality of information system and its ability to 
adapt to the turbulent environment. Information systems urbanization is among the most well-known approaches 
defined in the recent years to build agile information systems20,21. This approach links enterprise 
architecture22,23,24,25,29 and information systems governance26,27,28. It is based on the “Information City” framework19 
and two architecture principles: strong consistency and loose coupling. The first principle refers to the spatial 
grouping of application according to organizational domains and is applied through the Information City Plan (ICP) 
defined by the Information City framework. The second principle refers to the rules governing information flows 
and services exchanges between applications which belong either to the same information system or to different 
information systems. As pointed out by many practitioners and academics32,34,35,40, the Service Oriented Architecture 
(SOA) architecture style is compliant with the loose coupling principle42,43,44. Nevertheless, the implementation of 
the loose coupling principle in the case of urbanized information systems still faces numerous difficulties related 
notably to services exchanges governance. In this paper, we propose a framework – called the four spaces model – 
for the governance of services in the case of application of the SOA architecture style to urbanized information 
systems. This framework focuses on the operational governance of services exchanges either within the same 
information system or between different information systems. Our paper is organized as follows. Section 2 is 
dedicated to the theoretical foundations of this work: the Information City framework, and the SOA architecture 
style. In section 3, we briefly introduce the concept of services governance. Sections 4 and 5 present the static and 
the dynamic facets of our framework. Section 6 synthesizes the main contributions of the proposed framework. In 
section 7, we conclude this paper by summarizing its contributions, and listing the main problems encountered 
during the validation process and the future research directions.  
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2. Theoretical foundations 
The framework presented in this paper rests on two theoretical foundations: the “Information City framework” 
and the Service-Orientation paradigm. In this section, we present synthetically the main characteristics of these two 
topics. 
2.1. The Information City framework 
The Information City framework states that an information system may be considered as a city – called the 
Information City - whose inhabitants are the applications belonging to this information system. This city has private 
parts and common parts. The Information City common parts are information and software artefacts shared by all 
the information system applications while the private parts are composed of software artefacts owned by each 
application and non-shareable with others applications. Based on the loose coupling and the strong consistency 
principles, the Information City framework highlights the need of information system governance.  
First, following the example of a city, the relationships between the applications which populate the Information 
City must be managed in compliance with the loose coupling principle. The expression “loose coupling” has been 
first coined by Glassman42, who used it to describe the relationships between elements in living systems like 
organizations. According to this author, two loosely coupled systems can operate relatively independently of each 
other. Weick43 defines loose coupling and stresses that loosely coupled systems are on the one hand, responsive i.e. 
they respond to the actions of each other and on the other hand, each system preserves its own identity and some 
evidence of its physical or logical separateness. Orton and Weick44 provide a more precise definition of loose 
coupled systems by stating that they are both responsive and distinctive i.e. well-defined and semi-autonomous. 
Foster45 confirm Orton and Weick’s definition by pointing out that “loose coupling implies the tying together of 
subsystems in such a fashion that neither can do without the other but neither has much control over the other”. 
Within the context of urbanized information systems, the loose coupling principle means that a set of architecture 
principles and rules should be specified in order to govern exchanges either between application belonging to an 
information system or between such applications and the external environment like other information systems or 
end-users.  
Second, the vast number of application assets in combination with the natural expansion of the application portfolio 
as well as the increasing complexity of the overall information system, drives a need for the information system 
governance through the identification of responsibilities and the definition of architecture rules for grouping 
applications according to the strong consistency principle. Therefore, the Information City framework permits 
defining architecture principles and rules which help organizations prioritize, manage, and measure their 
information systems. The application of the Information City framework to urbanize information systems rests on 
the definition and use of the “Information City Plan” (ICP) which breaks down an information system into two 
parts, a front-office and a back-office, divided into areas, districts, and blocks. An area is made up of many districts 
while a district is composed of many blocks. As demonstrated by Guetat and Dakhli19, in the case of service-
intensive organizations, the information system’s ICP is composed of at least seven areas. First, the back-office is 
composed of at least three areas: a “Business Intelligence” area, a “Support area”, and at least one business area. 
Second, the front-office includes two areas: an “Inbound and Outbound flows Management area” and a “Party 
Relationships area”. The “Inbound and Outbound flows Management area” is dedicated to the management of the 
informational flows exchanged by an organization and its business environment. This area describes the various 
technology channels used by an organization while exchanging information with external environment. The “Party 
Relationship area” supports the relationships between the organization and its customers and partners whatever the 
communication channel. Finally, there are two areas which contain informational artefacts that either link the front-
office and the back-office or are shared by the back-office and the front-office: the “Integration area” and the 
“Shared informational assets area”. The first area allows exchanges of informational flows and services between the 
back-office and the front-office applications. The second area contains informational assets shared by all the 
applications of the organization’s information system as well as the applications which manage these assets. The 
two fundamental principles of the information city framework are dependent since they influence each other. For 
example, the ICP Integration area issued from the strong consistency principle also supports loose coupling since it 
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contains applications that act as intermediaries in the exchange of informational flows and services between the 
various ICP areas. 
2.2. The Service-Orientation paradigm 
Prior to SOA definition, we introduce the service, service-orientation, and architectural style concepts. In the 
following, we use the expression “applicative unit” to refer to the key elements of an urbanized information system 
that are likely to interact. A service is a self-contained implementation of a repeatable business function that has a 
specified outcome and a contractually defined behavior, and can be provided by an applicative unit to other 
applicative units. Lovelock and his co-authors consider that a service is “an act or performance offered by one party 
to another. Although the process may be tied to a physical product, the performance is essentially intangible and 
does not normally result in ownership of any of the factors of production”33. Erl34 views services as explicit, 
implementation-independent interfaces that encapsulate reusable business functions. To define the service concept, 
Newcomer and Lomow distinguish two perspectives: business and technical37. From a business perspective, services 
are IT assets that correspond to real-world recognizable business functions and that can be accessed according to 
defined policies. From a technical perspective, services are coarse-grained, reusable IT assets that have well-defined 
interfaces (service contracts) that clearly separate the services’ external interface for their technical implementation. 
A service constitutes a “black box” for its consumers and may be composed of other services. Publishing customer 
data, checking customer credit, and consolidating drilling reports are examples of services. The service concept 
constitutes a boundary object that facilitates communication and knowledge sharing between the organizational 
actors who belong to the business side and those involved in the IT side. Many typologies of services are proposed 
in literature34,35. Guetat and Dakhli36 distinguish three types of services: notification, asynchronous request, and 
synchronous request. A notification is an informational flow sent by an application unit – called sender – to several 
application units called receivers which has subscribed to information provided by the sender. An asynchronous 
request is an informational flow sent by an application unit – called sender – to an application unit called receiver to 
ask it to perform a public asynchronous processing it proposes. A synchronous request is an informational flow sent 
by an application unit – called sender – to an application unit called receiver to ask it to perform a public 
synchronous processing it proposes. This typology is synthetized in Table 1. 
Table 1. Services typology. 
Service type Input message 
sender 
Input message 
receiver 
Dependency 
orientation 
Expected 
result 
Expected 
output message 
Coupling 
Notification Service provider Service consumer ReceiverÎSender No No Loose 
Asynchronous 
request 
Service consumer Service provider SenderÎReceiver Yes No Medium 
Synchronous 
request 
Service consumer Service provider SenderÎReceiver Yes Yes Tight 
Service-orientation consists in thinking in terms of services and service-based development and the outcomes of 
services.  
An architectural style refers to a combination of distinctive features in which architecture is described or performed. 
Service-Oriented Architecture (SOA) is an architectural style that supports service-orientation. It is based on the 
design of services – which mirror the organization’s real-world business functions used while carrying out 
organizational processes37. Borges and his coauthors30 consider that SOA is both a business strategy and an 
architectural principle that leads to a concrete architecture. According to Erl34, SOA represents an open, extensible, 
federated, composable architecture that promotes service-orientation and is comprised of autonomous, QoS-capable, 
vendor diverse, interoperable, discoverable, and potentially reusable services, implemented as Web services. This 
author stresses that SOA can establish an abstraction of business logic and technology resulting in a loose coupling 
between these domains. We note that despite Web services are emerging as the “de facto” standard for SOA 
implementations, they are one possible way to realize the SOA infrastructure. By helping organizations defining a 
set of services whose interfaces can be described, published, discovered and invoked over a network, SOA leverages 
the construction of dynamic applications which can easily adapt to volatile environments and be easily maintained 
as well37. It follows that while applying the SOA paradigm, organizations have to make specific decisions that are 
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appropriate for their context, priorities, and constraints. SOA facilitates implementing the boundaryless information 
flow which states that permeable boundaries between departments, organizational levels, organizations, and nations 
deliver productivity and agility31. In other words, the SOA architecture style aims at improving information systems 
agility. It is appropriate for complex distributed and heterogeneous applications under the control of different 
ownership domains. It facilitates applications high interoperability, scalability, and loose coupling since it minimizes 
the requirements for shared understanding and takes into account the separation of concerns. Moreover, a service 
offer description and a contract are the only requirements for shared understanding between a service provider and a 
service consumer. Furthermore, SOA has many additional benefits. First, it reduces complexity by encapsulation 
since a service may be the aggregation of a number of other services. Second, it enables interoperability of legacy 
applications by allowing such applications to expose and consume services. Third, it enables a seamless integration 
between heterogeneous applications since new services can be created and dynamically published, discovered, and 
consumed without disrupting the existing operating environments of the information system applications. Four, it 
reduces costs through cross-organizational reuse of services and supports agility through alignment with 
organizational processes. Therefore, the SOA architecture style is compliant with information systems urbanization 
and provides instruments that help organizations build target urbanized information systems. SOA rests on a service 
provider/consumer model which includes three roles - service provider, service consumer, and service intermediary 
– and requires at least the following operations which consist in service creation, description, publishing, 
unpublishing, updating, discovering, invoking, and binding. Nevertheless, this basic set of operations is not 
sufficient for development and maintenance of complex applications that effectively support organizational 
processes in a continuously changing business environment. Papazoglou and Georgakopoulos32 propose a set of 
enhancements that give added value to the basic service provider/consumer model by addressing the composition of 
services to more complex ones, the services exchanges security, the services quality and semantic aspects, and the 
services monitoring and contracting. 
3. The services governance concept 
Keasey et al.38 state that governance refers to “the structures, processes, cultures and systems that engender the 
successful operations of the organizations”. Therefore, governance is broader than management since it encloses 
both a managerial and a cultural dimensions. The goal of applying governance to services exchanges in the case of 
urbanized information systems is to get the most out of both SOA and urbanization, keep track of how services are 
used, and keep uniformity among services. Services exchanges governance is an iterative approach consisting in 
governance policies and processes definition, application, monitoring, and enforcement. Policies are related to the 
codification of principles, rules, best practices and guidelines that address all stages of services lifecycles. Processes 
consist in policies enforcement. Monitoring results in metrics that help organizations evaluate their compliancy with 
governance policies and processes. In particular, the governance of services exchanges in the case of urbanized 
information systems covers many important topics including the description of rights and duties related to services 
ownership and use, and the definition of policies for services creation, and versioning40. The services exchanges 
governance provides answers to the following questions:  
n Which services are implemented but not yet available for reuse? Which functions are supported by these 
services? 
o Which applications are the providers of the services implemented but not yet available for reuse? 
p What information is required is required for a service to be deployed for reuse 
q Which services are available for reuse and where are they deployed? Which functions are supported by these 
services? 
r Which applications are the providers of the available services? 
s Which applications are the consumers of the available services? 
t Who is responsible for services development and evolution? 
u Who is responsible for validation of services virtualization and use requests?  
v Which other services (internal and external) does a service need? 
w Which external applications and services depend on an available service? 
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In the case of urbanized information systems, services governance policies should take into account architecture 
principles and rules resulting from urbanization constraints. Within the context of services exchanges, two main 
urbanization architecture rules apply. The first rule states that exchanges of services and informational flows 
between applications belonging to different ICP areas must take place through the ICP Integration area. According 
to the second rule, services and informational flows between and urbanized information system and external 
information systems must pass through the ICP Inbound and Outbound Flows Management area.  
In the sections 4 and 5, we present the static and the dynamic facets of the four spaces model for services 
governance in urbanized information systems proposed in this paper.  
4. The static facet of the four spaces model  
The static facet of the four spaces model for services governance in urbanized information systems answers the 
questions “What?”, “Where?”, and “With What?”. It rests on four spaces – the consumption space, the production 
space, the intermediation space, and the governance space – and a set of resources that may be shared by many 
spaces. These resources include the functions repository, the services repository, the applications repository, the 
virtualized services repository, the contracts repository, the requests repository, and the computerization projects 
repository. These repositories belong to ICP “Shared Information” area since they are shared by many spaces and 
many organizational actors involved in the services governance process. Moreover, each space is associated with an 
IT infrastructure which supports the activities that take place within it. In particular, the intermediation space rests 
on a specific infrastructure called Enterprise Services Bus (ESB) that enables services combination in an easy and 
flexible manner. An ESB stands for a software system which enables communication among information system 
applications by encapsulating the functionalities offered by the virtualized services in a meaningful way. A 
virtualized service is a service owned by an application and exposed by the intermediation space in order to be 
consumed by other applications. To take into account the two urbanization architecture principles listed above and 
related to services exchanges, two ESB are needed: internal and external. The internal ESB is dedicated to services 
exchanges within the organisation’s information system. Thus, it belongs to the ICP Integration area. The external 
ESB supports services exchanges with external information systems. It follows that it belongs to the ICP Inbound 
and Outbound Flows Management area.  
The functions repository lists the functions and informational entities that make up the information system functional 
architecture. An informational entity is a set of coherent information chunks which define a concept having a life 
cycle, and commonly used by the organizational actors while carrying out an organizational process. A function is an 
action which uses or transforms at least one informational entity. An organizational process manipulates 
informational entities through the use of functions. A function may be considered as an aggregation on many sub-
functions. Functions that may be used by many organizational processes are called reusable functions. Because of 
the invariant and stable nature of informational entities and functions, they are independent of information 
technology, organization’s structure, and roles played by actors.  
The services repository lists all the reusable services provided by the information system applications whether they 
are virtualized or non-virtualized. A reusable service implements a set of reusable sub-functions selected in the 
functions repository. Each service is identified by a name defined according to the following rule: Provider-
Name_Service-Name_Version-Number. For example, Contracts-Management_Get-Customer-Information_v1.0 is 
the name of the version 1.0 of the service Get-Customer-Information provided by the application Contracts 
Management. In this repository, each service is associated with its provider, a service offer and a signature. The 
service offer describes the generic characteristics common to all the consumers including the reusable sub-functions 
implemented by the service, its pre-conditions and post-conditions, and how to manage errors related to its use. A 
pre-condition is a condition that must be met to use the service. For example, “the length of a message must be less 
than 160 alphanumeric characters” is a pre-condition of the service “Send-SMS”. A post-condition is an effect 
guaranteed by the service provider as a result of the service performance. For example, in the case of the “Send-
SMS” service, “The SMS is sent to recipients” is a post-condition. If all the service pre-conditions are respected, the 
service is performed under standard conditions and the service post-conditions are guaranteed. Otherwise, the 
service provider commitments are not respected and error messages may be returned. The pre-conditions state the 
service use constraints i.e. define the specific obligations a service consumer has to meet when calling the service. 
1214   Sana Bent Aboulkacem Guetat and Salem Ben Dhaou Dakhli /  Procedia Computer Science  100 ( 2016 )  1208 – 1219 
The post-conditions state the benefits i.e. guarantee the output and the specific properties of the consumer when the 
service runs successfully. In other words, the pre-conditions and post-conditions described in a service offers help 
specify the semantic behavior of services. 
The service signature describes the input parameters, the output parameters, the parameters types, and possible 
exceptions. For example, the signature of the service “Get-Person-Information” used in an insurance company may 
be (First name: Character, Employee number: Integer; Department: Character, Role: Character, Age: Integer) where 
the input parameters and the output parameters are separated by a semicolon. Such a service may be represented as 
follows:  
Get-Person-Information (First name: Character, Employee number: Integer; Department: Character, Role: 
Character, Age: Integer) 
The virtualized services exposed in the intermediation space are described in the virtualized services repository and 
characterized by their offers and their signatures. A virtualized service is identified by a symbolic name according to 
the following rule: Provider-Name_Service-Name_Version-Number_vs. For example Contracts-Management_Get-
Customer-Information_v1.0_vs is the symbolic name of the version 1.0 of the virtualized service Get-Customer-
Information provided by the application Contracts Management. The requests repository describes two kinds of 
requests: virtualization requests and use requests. A virtualization request is performed by a service provider in order 
to expose a service in the intermediation space. A use request is carried out by a service consumer in order to call a 
virtualized service available in the intermediation space. 
The computerization projects repository provides information about applications under development likely to 
consume existing virtualized services. The applications repository provides information related to the information 
system applications including their owners, their architecture, their exchanges with other applications and the 
services they expose. The contracts repository describes the service contracts between the providers and consumers 
of virtualized services. A service contract is an agreement between the provider and the consumer of a virtualized 
service which describes the specific information related to the consumer operational use of the service (service the 
provider, the service consumer, number of service calls per year, the number of simultaneous service calls, the 
expected growth in the number of service calls per year, the date of acceptance of the contract, the start of the service 
use, the response time,...). Thus, service contracts include some aspects of a service that might be consumer-specific 
like nonfunctional attributes related to Quality of Service (QoS) and service-level agreements (SLAs). They reflect 
the necessary resources needed to provide the service according to the specific nonfunctional commitments. Service 
contracts are complementary and consistent with the service offers. 
5. The dynamic facet of the four spaces model  
The dynamic facet of the four spaces model for services governance provides answers to the “Who?” and “How?” 
questions. It describes the organizational actors involved in the services exchanges and governance, their interactions 
and the activities they carry out in each space. These actors include four categories: the service provider, the service 
consumer, the service intermediary, and the service governor. An organizational actor is a role which can be played 
either by a human actor or a machine. A service provider is an application that implements a set of sub-functions as a 
service and exposes this service so that other applications can call it. A service consumer is an application that uses a 
service provided by another application. A service intermediary is an organizational actor that behaves as a mediator 
or a link between a service provider and a service consumer. A service governor is a human in charge of policies 
definition, application, monitoring, and enforcement. We note that an application may behave as a service provider 
and a service consumer. In the remainder of this section, we briefly present the activities of organizational actors 
before describing their interactions.  
5.1. The organizational actors activities 
Each space is dedicated to a set of activities related to services exchanges and governance. These activities are 
performed by the four organizational actors involved in services exchange and governance. If these tasks are not 
performed automatically, they involve human actors contributing to the management of the four spaces. For 
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example, the service provider is an application represented by its manager while the service consumer is an 
application represented by the project manager. Moreover, the service provider guarantees the virtualized services - 
for a minimum period - under the conditions described in the services offers and the services contracts. We note that 
the service governor is a human actor who interacts with the three other governance spaces. The automatic tasks of 
the service intermediary are performed by the ESB. According to Jossuttis35 and Chappel39, the role of an ESB 
consists in enabling consumers to call the services supplied by providers. These authors state that the ESB 
responsibility depends on the technical and organizational approaches taken to implement it. Table 2. below lists the 
main activities carried out by the organizational actors in the four spaces. 
Table 2. Services exchange and governance tasks. 
Organizational actor Activities 
Service provider n Reusable services creation36 according to the urbanization orthogonality principle41 o Reusable services description in the services repository 
p Reusable services maintenance, versioning, and evolution 
q Services virtualization requests performing 
r Notification of the services consumers – via the intermediation space – about any evolution of the services 
delivery 
Service consumer n Project description in the projects repository (functional scope, tasks, planning,…) o Description of the architecture of the application under development in the applications repository (including 
services and informational flows exchanges with other applications) 
p Identification of the reusable services to be called 
q Preparation of the services contracts 
r Performing of the services consumption requests 
Service intermediary Automatic tasks35,39: 
n Providing connectivity 
o Data transformation 
p Intelligent routing 
q Services orchestration 
r Services monitoring and logging 
s Security management 
t Reliability management 
Semi-automatic tasks: 
n Priority setting for services virtualization and use requests 
o Service providers and consumers information on the progress of the processing of their requests 
p Information exchange with the service governor 
q Publication of reports on the intermediation space activities 
r Management of virtualized services repository 
Service governor n Resources definition for services exchanges: naming rules, forms for service contracts, service use requests, 
service virtualization requests 
o Governance processes and policies definition, application, monitoring, and enforcement 
p Validation of the service virtualization and use requests 
q Transfer of the validated requests to the service intermediary 
r Providing support to the service providers and consumers in preparing their virtualization and use requests 
s Management of the services, applications, and requests repositories 
t Publication of reports on the governance space activities 
5.2. The interactions between the four spaces 
The interactions between the four spaces are materialized by the informational flows exchanged by the 
organizational actors. Such exchanges are generally either automatic or semi-automatic i.e. involving human 
intervention. For example, the interactions between the service governor and the other actors are always semi-
automatic. We distinguish bi-directional exchanges which occur between the governance space and the three other 
spaces, and the uni-directional exchanges take place between the intermediation space and the production and the 
consumption spaces. Table 3. provides a synthetic description of the informational flows exchanged between the 
four services governance spaces. 
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Table 3. Informational flows exchanged between the four services governance spaces. 
Informational flow originator Informational flow recipient Flow content 
Production space Governance space - Services virtualization requests 
Governance space Production space - Reporting on services virtualization requests validation 
- Missing information required for requests validation 
Consumption space Governance space - Services use requests 
Governance space Consumption space - Reporting on services use requests validation 
- Missing information required for requests validation 
Intermediation space Governance space - Reporting on requests fulfilment 
Governance space Intermediation space - Validated services virtualization and use requests 
Intermediation space Production space - Reporting on services virtualization requests fulfilment 
Intermediation space Consumption space - Reporting on services use requests fulfilment 
Fig. 1. illustrates the four spaces model for services governance proposed in this paper. 
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Fig. 1. The four spaces model for services governance. 
6. The contributions of the four spaces model  
The four spaces model proposed in this paper contributes to the services governance in several ways. First, it 
standardizes the exchanges between the organizational actors involved in the governance process through the 
definition of naming rules and the use of standard forms for service contracts, services virtualization requests, and 
services consumption requests. Second, it facilitates services exchanges traceability through the use of seven 
repositories which describe services virtualization and use requests, services contracts and offers, and provide 
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information about the validation activities. In other words, as summarized by Table 4., the seven repositories that 
constitute the services governance resources help answer the ten questions formulated in section 3.  
Table 4. Information provided by the seven services governance repositories. 
Questions Repositories providing answers 
n Which services are implemented but not yet available for reuse? Which functions are supported by 
these services?  
- Services repository 
- Applications repository 
- Functions repository 
o Which applications are the providers of the services implemented but not yet available for reuse? - Services repository 
- Applications repository 
p What information is required for a service to be deployed for reuse? - Services repository 
- Virtualized services repository 
q Which services are available for reuse and where are they deployed? Which functions are 
supported by these services? 
- Services repository 
- Virtualized services repository 
- Requests repository 
- Functions repository 
r Which applications are the providers of the available services? - Services repository 
- Virtualized services repository 
- Applications repository 
- Requests repository 
s Which applications are the consumers of the available services? - Services repository 
- Virtualized services repository 
- Applications repository 
- Requests repository 
- Contracts repository 
- Computerization projects repository 
t Who is responsible for services development and evolution? - Services repository 
- Requests repository 
- Applications repository 
u Who is responsible for validation of services virtualization and use requests? - Services repository 
- Requests repository 
- Applications repository 
v Which other services (internal and external) does a service need? - Services repository 
- Requests repository 
- Applications repository 
- Virtualized services repository 
w Which external applications and services depend on an available service? - Services repository 
- Requests repository 
- Applications repository 
- Virtualized services repository 
Third, the four spaces model for services governance promotes loose coupling both within the same information 
system and between different information systems. On the one hand, it considers two intermediation dimensions:  
vertical, and horizontal. The vertical dimension refers to the intermediation nature (technical, or validation) while 
the horizontal dimension results from the consideration of the architecture rules imposed by the information systems 
urbanization approach. This dimension distinguishes the intermediation within the organization’s information 
system from the intermediation between the organization’s information system and the external information 
systems. The result is a separation of concerns consisting in the identification of four intermediation types which 
have specific characteristics and constraints: “technical-internal”, “technical-external”, “validation-internal”, and 
“validation-external”. The technical-internal (vs. technical-external) intermediation is supported by the internal ESB 
(vs. external ESB) which belongs to the ICP integration area (vs. Inbound and Outbound flows Management area). 
Furthermore, the “technical-external” intermediation is more complex than the “technical-internal” intermediation 
since it requires security controls which are realized by a gateway layer belonging to the external ESB. Such 
separation of concerns facilitates effective services exchanges while optimizing resources allocation both in the 
governance space and the intermediation space. On the other hand, the strong coupling related to point-to-point 
exchanges is avoided since there are no direct interactions between the production space and the consumption space. 
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7. Conclusion and future research directions 
In this paper, we have proposed a framework – called the four spaces model – for services governance which 
aims at helping organizations implement loose coupling in the context of urbanized information systems by using the 
SOA architecture style. We have validated this work in a French insurance company whose information system is to 
a large extent urbanized. The main applications belonging to this information system fall into three categories: 
proprietary monolithic systems running in a mainframe environment, web applications running in an open 
environment, and ERP systems that can operate in one or the other of these environments. The validation of our 
framework was carried out in two phases and involved company employees and external consultants. During the first 
phase, we have identified the IT and human resources needed for the operation of the four governance spaces and 
defined the seven repositories content, the naming rules, and the standard forms for services governance. During the 
second phase, we helped the governance teams in the application of rules imposed by our model and noted the 
problems encountered both at the technical and human levels. Technical problems are related either to the seven 
repositories, or to the external and internal ESB systems. On the one hand, we noted the lack of versioning 
functionality within the tools supporting the contracts and the services repositories. On the other hand, the external 
ESB doesn’t support the use of a gateway required to implement the recommendations of the information system 
security department. Finally, the naming rules defined are not compliant with the constraints related to the services 
exchanges with external information systems. The organizational problems are related to the resistance of both the 
services providers and consumers who view services governance as a set of brakes to productivity, and causes of 
delays for projects. In particular, employees asked to complete the standard forms and update the governance 
repositories pointed out the burden of these tasks, and the lack of incentives. 
This validation confirmed that the framework presented in this paper has many important contributions. First, it 
standardizes the exchanges between the organizational actors involved in the governance process. Second, it 
facilitates services exchanges traceability. Third, the four spaces model for services governance promotes loose 
coupling both within the same information system and between different information systems. Finally, many 
technical and organizational drawbacks have been highlighted during the framework validation. Solutions should be 
proposed to overcome these drawbacks. This is a first future research direction. Another research direction consists 
in continuing the validation work in other contexts more conducive to experimentation. 
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